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Abstract
We consider an extension of Higgs inflation in which the Higgs field is non-
minimally coupled to gravity through its kinetic term. We analyzed power-law
coupling functions with positive or negative integer power and found that the
Higgs boson can drive a successful inflation only for the cases n = 2, 1, 0,−1.
Theoretical predictions for both tensor to scalar ratio r and scalar spectral
index ns are within the 2018 Planck 95% CL. The behavior of the self coupling
λ with respect to the scalar field at the horizon crossing was obtained, and It
was found that it can take values in the interval λ ∼ (10−7, 0.3).
1 Introduction
Several shortcomings (e.g., flatness, horizon, unobserved heavy magnetic monopoles
[see for instance [1, 2, 3, 4, 5, 6]]) pervaded the standard hot big-bang scenario until
around 1980 when the inflationary paradigm started to be constructed. Then, cos-
mologists initiated to find out that an epoch of very rapid expansion in the early
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universe could lead to a possible, plausible solution of the standard hot big-bang
problems [7, 8, 9, 10, 11, 12].
Among the wide variety of inflationary models, the simplest realization of inflation
occurs with a minimally coupled scalar field [13, 14]. While the scalar field potential
dominates the energy density of the universe, there is a period of nearly exponential
growth and the drawbacks of the standard hot big-bang scenario get simply solved.
Moreover, inflation also provides an explanation for the observed structures in the
Universe [15, 16, 17, 18, 19, 20]. Quantum fluctuations in the scalar field would have
led to small inhomogeneities in the energy density that later became the structures
we observe, namely, Cosmic Microwave Background (CMB) anisotropies and inho-
mogeneities in the mass distribution.
A number of approaches differing from canonical inflation have been investigated
over the past years. An early inflationary regime is found in models such as non-
minimally coupled scalar fields [21, 22, 23], kinetic inflation [24], α attractor mod-
els [25, 26, 27, 28], Dirac-Born-Infeld (DBI) inflation [29, 30, 31, 32], string theory
inspired inflation [33, 34, 35], vector inflation [36, 37, 38], inflaton potential in su-
pergravity [39, 40, 41], and Galileon models [42, 43, 44, 45, 46, 47, 48, 49], also
including scalar fields with non-minimal derivative coupling to the Einstein tensor
[50, 51, 52, 53, 54, 55]. Scalar fields are abundant in fundamental theories of matter
beyond the standard model of particle physics. Nevertheless, the only known funda-
mental scalar quantum field is the Higgs field discovered by the CERN collaborations
ATLAS and CMS [56, 57]. Over the past years, intense research has been carried
out trying to identify the Higgs scalar with the field causing the early inflationary
period. Although this identification could in principle be possible, it has proven to
be non-trivial [58]. The limitations of the semiclassical approach to slow-roll infla-
tion with the Higgs field non-minimally coupled to gravity have been pointed out in
[59, 60, 61, 62, 63], where the issue of unitarity bound has been addressed. The study
of the unitarity issue in the new Higgs inflation with non-minimal kinetic coupling to
the Einstein tensor was performed in [64, 65, 66, 63], where it was shown that in this
scenario there is not perturbative unitarity violation.
An interesting framework for inflation is provided by theories including curvature
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corrections such as
β
φn
Gµν∂
µφ∂νφ.
This sort of theories add gravitational friction and make the scalar field to roll slower
compared to the canonical scalar field. Moreover, this sort of theories are embedded
in the most general Lagrangian giving second order equations, the so-called Horndeski
Lagrangian. There are not strongly proved physical justifications to consider higher
derivative terms in the action of the scalar field to study the inflationary phenom-
ena but, among few theoretical motivations, we can mention the fact that the type
of couplings we are considering here lead to second-order field equations, avoiding
the appearance of Ostrogradsky instabilities and leading to ghost-free theory, pro-
viding more general second order Lagrangian formalism. Terms of this type, with
field-dependent couplings, also appear in low energy effective action of string theory
[67, 68]. It has been shown also that couplings such as Gauss-Bonnet provide the pos-
sibility of avoiding the initial singularity [69, 70]. An appealing motivation to study
such corrections to canonical scalar field is that at the high-curvature regime typical
of inflation, these corrections could become appreciable and affect the outcome of
inflation. In the case of the Higgs potential, for instance, one of the effects of the
higher derivative terms is the reduction of the self coupling of the Higgs boson, so
that the spectra of primordial density perturbations are consistent with the present
observational data [71, 72]
The main focus in this paper will be to answer to what extent the Higgs field only
including a non-minimal kinetic coupling to gravity can successfully render an infla-
tionary regime in the early universe. In section 2 we explain the model and provide
the theoretical framework for our study. Then we show in section 3 that this model
is compatible with current Planck constraints on the scalar spectral index ns and the
tensor to scalar ratio r. Concluding remarks are presented in section 4.
3
2 Theoretical framework
We consider a generalization of the standard Higgs action where the Higgs field φ and
its derivatives are coupled to the gravity, such that
S =
∫
d4x
√−g
[
R
2κ2
− 1
2
∂µφ∂
µφ− λ
4
φ4 +
β
φn
Gµν∂
µφ∂νφ
]
, (2.1)
where R is the Ricci scalar, κ2 ≡ 8piGN with GN the bare Newton’s constant, Gµν
is the Einstein tensor, β is an arbitrary parameter with dimension of (mass)n−2
and n is an integer. We will further assume that during inflation one can neglect
the vacuum expectation value of the Higgs scalar so that a quartic potential is a
good approximation for the Higgs potential. The self-coupling constant λ is fixed
experimentally by the LHC results, which impose the constrain λ ' 0.13 at the
electroweak scale [73].
In the flat Friedmann-Lemaitre-Robertson-Walker (FLRW) metric the equations of
motion take the form
H2 =
κ2
3
(
1
2
φ˙2 +
λ
4
φ4 + 9
β
φ2
H2φ˙2
)
(2.2)
2H˙F
(
1− κ
2βφ˙2
φn
)
= −κ2
(
φ˙2 + 6β
H2φ˙2
φn
− 4βHφ˙φ¨
φn
+ 2nβ
Hφ˙3
φn+1
)
(2.3)
and
φ¨+ 3Hφ˙+ λφ3 + 6βH(3H2 + 2H˙)
φ˙
φ2
+ 6βH2
φ¨
φ2
− 6βH2 φ˙
2
φ3
= 0. (2.4)
Next we define the slow-roll parameters, which involve the interaction terms in the
model (2.1), as (see [74])
0 = − H˙
H2
, 1 =
˙0
H0
(2.5)
k0 = 3βκ
2 φ˙
2
φn
, k1 =
k˙0
Hk0
(2.6)
Note that for the simple canonical scalar field, 1
2
φ˙2 + V (φ), the above H-defined
slow-roll parameters are related to the standard V -defined slow-roll parameters
v =
M2p
2
(
V ′
V
)2
, ηv = M
2
p
V ′′
V
(2.7)
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in the way
0 = v, and 1 = 4v − 2ηv (2.8)
where the slow-roll approximation
2H2 ' κ2V, 3Hφ˙+ V ′ ' 0
was used.
Writing the cosmological equations (2.2)-(2.4) in terms of the slow-roll, parameters
(2.5), (2.6), we can express the derivative of the scalar field and the potential as
V = M2pH
2
[
3− 0 − 2k0 − 1
3
k0 (k1 − 0)
]
(2.9)
φ˙2 = M2pH
2
[
20 − 2k0 + 2
3
k0 (k1 − 0)
]
(2.10)
from which it becomes clear that φ˙2 << V under the slow-roll conditions 0, k0, ... <<
1. The slow-roll conditions φ˙2 << V = λ
4
φ4, φ¨ << 3Hφ˙, k0, k1 << 1 allow to write
the Eqs. (2.2)-(2.4) in the following approximate way
H2 ' κ
2
3
V =
κ2
3
(
λ
4
φ4
)
(2.11)
H˙ ' −κ
2
2
(
φ˙2 + 6β
H2φ˙2
φn
)
(2.12)
3Hφ˙+ V ′ + 18β
H3φ˙
φn
' 0 (2.13)
From these equations we can see that the potential term gives the dominant contri-
bution to the Hubble parameter, and Eqs. (2.12), ()2.13) determine the role of the
kinetic coupling in the slow-roll dynamics. These equations allow to find the number
of e-folds as
N =
∫ φE
φI
H
φ˙
dφ = −
∫ φend
φi
3H2
V ′
(
1 + 6β
H2
φn
)
dφ = −
∫ φend
φi
V
M2pV
′
(
1 + 2β
V
M2pφ
n
)
dφ
(2.14)
where φi and φend are the values of the scalar field at the beginning and end of inflation
respectively. The scalar field at the end of inflation can be found from the condition
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0(φend) = 1, and φi, which is the scalar field at the horizon crossing, is calculated
from (2.14) by giving the appropriate number of e-folds such that the inflationary
observables take values consistent with current observations. In our case we observed
that given N ' 60 produce the necessary inflation to set the values of the scalar
spectral index and the tensor-to-scalar ratio in the most appropriate regions, within
the capabilities of the model. For the φ4 potential we find
N ≈
φend∫
φi
1
4
φ
(
1
2
βλφ4−n + 1
)
dφ, (2.15)
In order to obtain the inflationary observable magnitudes we need to calculate the
power spectrum of the scalar and tensor perturbations, which was presented for a
general class scalar-tensor models in [74]. For our particular case, as follows from
[74], the scalar spectral index and the tensor-to-scalar ratio are given by (in first
order in slow-roll parameters)
ns = 1− 20 − 1, r = 160 (2.16)
where we can see that the non-minimal kinetic coupling to curvature does not affect
the standard consistency relation, at least up to first order in slow-roll parameters.
These magnitudes can be written as functions of the scalar field and are evaluated at
the horizon crossing. To this end we express the Hubble parameter and its derivatives,
H˙ and H¨, together with the derivatives of the scalar field φ˙, φ¨ in terms of the potential
and the kinetic coupling function, reducing all magnitudes to functions of the scalar
field. We can illustrate this procedure for the general case of model with potential
V (φ) and kinetic coupling F1(φ), writing the Eqs. (2.11)-(2.13) in the form
H2 ' κ
2
3
V (φ) (2.17)
H˙ ' −κ
2
2
(
φ˙2 + 6H2F1(φ)φ˙
2
)
(2.18)
3Hφ˙+ V ′ + 18H3F1(φ)φ˙ ' 0. (2.19)
The Eq. (2.17) gives directly H(φ), while combining the three equations and taking
the necessary derivatives we find
H˙ = − V
′(φ)2
6V (φ) (1 + 2κ2F1(φ)V (φ))
(2.20)
6
φ˙ =
V ′(φ)√
3κ
√
V (1 + 2κ2F1(φ)V (φ))
(2.21)
H¨ =
V ′(φ)2 [V ′(φ)2 + V (4κ2F1(φ)V ′(φ)2 − 2V ′′(φ)) + 2κ2V (φ)2 (F ′1(φ)V ′(φ)− 2F1(φ)V ′′(φ))]
6
√
3κV (φ)5/2 (1 + 2κ2F1(φ)V (φ))
3
(2.22)
φ¨ = −V
′(φ) [V ′(φ)2 + V (φ) (6κ2F1(φ)V ′(φ)2 − 2V ′′(φ)) + 4κ2V (φ)2 (F ′1(φ)V ′(φ)− F1(φ)V ′′(φ))]
6κ2V (φ)2 (1 + 2κ2F1(φ)V (φ))
3
(2.23)
Replacing these results in (2.5) and (2.6), and turning to the specific case V = λφ4/4
and F1 = β/φ
n, after some algebra we find
0 =
16
2φ2 + αφ6−n
, 1 =
[32φn + 8(6− n)αφ4]φn−2
(2φn + αφ4)2
(2.24)
k0 =
16αφn+2
(2φn + αφ4)2
, k1 =
[16(n− 2)φn + 8(6− n)αφ4]φn−2
(2φn + αφ4)2
(2.25)
where
α ≡ βλ (2.26)
and we have set Mp = 1. Finally, using (2.16), we can write the scalar spectral index
and the tensor-to-scalar ratio in terms of the scalar field for the model (2.1) as
ns =
α2φ10 + 4α (2n+ φ2 − 20)φn+4 + 4 (φ2 − 24)φ2n
φ2(αφ4 + 2φn)2
∣∣∣
φ=φi
, (2.27)
r =
256
2φ2 + αφ6−n
∣∣∣
φ=φi
. (2.28)
In order to analyze the observational constraints on the model, and particularly, how
they influence the self coupling λ, we resume here some aspects of the second order
formalism (see [74] for details).
For the scalar and tensor perturbations we can write the power spectra respectively
as
Pξ = AS
H2
(2pi)2
G1/2S
F3/2S
, PT = 16AT
H2
(2pi)2
G1/2T
F3/2T
(2.29)
where
FS = c2SGS, FT = c2TGT (2.30)
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and
AS =
1
2
22µs−3
∣∣∣ Γ(µs)
Γ(3/2)
∣∣∣2, AT = 1
2
22µT−3
∣∣∣ Γ(µT )
Γ(3/2)
∣∣∣2, (2.31)
where in terms of the slow-roll parameters, up to first order
GS = M2p 0 (2.32)
and
c2S = 1, (2.33)
GT = M2p
(
1− 1
3
k0
)
(2.34)
and
c2T =
3 + k0
3− k0 (2.35)
where cS and cT are the velocities of scalar and tensor perturbations respectively, and
all magnitudes are evaluated at the moment of horizon exit when cSk = aH.
On the other hand, the relative contribution to the power spectra of tensor and scalar
perturbations, defined as the tensor/scalar ratio r, given by
r =
PT (k)
Pξ(k)
, (2.36)
can be written as
r = 16
G1/2T F3/2S
G1/2S F3/2T
= 16
GS
GT (2.37)
where we used fact that AT/AS ' 1 and cT ' 1 when evaluated at the limit 0, ... <<
1. Using (2.32) and (2.34), gives the consistency relation for r (2.16). The equation
(2.29) for Pξ with (2.31) for A allows to find scale of the Hubble parameter during
inflation by using the COBE normalization for the power spectra, which can be
written as (2.29)
Pξ = AS
H2
(2pi)2
G1/2S
F3/2S
∼ H
2
2(2pi)2
1
FS ∼
H2
(2pi)2M2p
1
20
(2.38)
where at the limit (0, 1, ...) → 0 we used the approximation AS → 1/2. According
to COBE normalization Pξ ' 2.4× 10−9. Then,
H2 ∼ 2(2.4× 10−9)(2pi)20. (2.39)
8
On the other hand, from the tensor/scalar ratio we find
PT = rPξ ∼ 2V
3pi2M4p
⇒ V ∼ (2.4× 10−9)3pi
2
2
rM4p , (2.40)
which also follows from (2.39). For the Higgs potential this last result allows to find
the self coupling λ in terms of the scalar field at the beginning of inflation as
λ ∼ 1536(2.4× 10
−9)pi2
φ4 (2φ2 + αφ6−n)
∣∣∣∣∣
φi
(2.41)
From this result we can see that λ decreases with the increment of the scalar field at
the horizon crossing. As will be shown in some numerical cases, large field inflation
can give λ ∼ 10−6. When φi takes almost constant small values, at large α, the self
coupling can take values of the order λ ∼ 0.1. In the next section we consider some
numerical cases.
3 Results
In this section we show theoretical predictions of the model for both tensor to scalar
ratio r and scalar spectral index ns. In Fig. 1 we consider four coupling functions
corresponding to n = −1, 0, 1, 2 and show the behavior of r and ns for a wide α-
interval. Since the field at horizon crossing depends on α, it is therefore important
to make sure that the inflationary period occurs for field values such that the current
restrictions on the self coupling λ of the Higgs boson are satisfied. In Fig. 2 we show
the behavior of the inflaton field at the horizon crossing,60 e-folds before the end
of inflation, with respect to α. The left graphic shows that in the region α . 103,
the scalar filed takes values φi & Mp leading to large field inflation, and the right
graphic shows that in the region α ∼ 1012 − 1014 the scalar field takes values of the
order φi ∼ 10−2. This affects the behavior of the self coupling λ as shown in Figs. 3
an 4 below, where λ can take values in the interval 10−7 . λ . 0.3, covering a wide
spectrum of possible values of the self coupling, according to the different Higgs boson
phenomenological restrictions. In Fig. 2 we show the variation of the scalar field at
horizon crossing. Notice that at large values (α ∼ 1013 − 1014) the field φi ∼ 10−2Mp
9
α 10164×10-5
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n=0
n=1
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0.950 0.955 0.960 0.965 0.970 0.975 0.980
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0.20
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r
Figure 1: Parametric plot of r vs nS for 4 × 10−5 < α < 1016 with N = 60, for
coupling functions corresponding to n = −1, 0, 1, 2. For the models n = −1 and
n = 0 the inflationary observables ns and r are more close to the region favored by
current observational data.
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 n=0
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n=2
0 200 400 600 800 1000
1.2
1.4
1.6
1.8
2.0
2.2
α
ϕ i
n=-1
n=0
 n=1
 n=2
0 2×1013 4×1013 6×1013 8×1013 1×1014
0.00
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0.02
0.03
0.04
0.05
0.06
α
ϕ i
Figure 2: The inflaton at the horizon crossing as function of the parameter α for
n = −1, 0, 1, 2 with N = 60. The left graphic shows large field inflation scenario
where, for α . 103, the scalar filed takes values φ1 & Mp. The right graphic shows
the small field inflation, where starting from α & 1013, the initial scalar field becomes
φi . 10−2 60-e-folds before the end of inflation and continue decreasing with the
increase of α.
and at small α, α . 103 one finds φ1 &Mp.
In Figs. 3, 4 we show the behavior of the self coupling λ with respect to the scalar
field at the horizon crossing, where due to the difference in the scale we show two
different intervals for φi. It is important to note that along both α-intervals, which
results in the corresponding intervals for the scalar field in Figs. 3 and 4, the scalar
spectral index ns and tensor/scalar ratio r remain practically unchanged for each
case, taking the following values
n = −1 ⇒ ns ' 0.974, r ' 0.075
n = 0 ⇒ ns ' 0.972, r ' 0.088
n = 1 ⇒ ns ' 0.970, r ' 0.106
n = 2 ⇒ ns ' 0.966, r ' 0.134
the difference between the values at α ∼ 103 and α ∼ 1016 is in the order of 10−4 or
less, while changes a little more for α . 10−3 where the difference can be of the order
of 10−2− 10−1 (which is more accentuated for r), getting closer to the weak coupling
11
0.014 0.016 0.018 0.020 0.022
0.00
0.05
0.10
0.15
0.20
0.25
ϕi
λ
Figure 3: The behavior of the self coupling λ with respect to the scalar field at the
horizon crossing, 60 e-folds before the end of inflation, for the four models corre-
sponding to n = −1, 0, 1, 2. These curves correspond to the small-field inflation,
giving λ ∼ 10−2 − 0.28 .
0.40 0.45 0.50 0.55 0.60
0
1.×10-7
2.×10-7
3.×10-7
4.×10-7
5.×10-7
ϕi
λ
Figure 4: The self coupling λ for a large-field (φ ∼ Mp) inflationary scenario corre-
sponding to the left graphic in Fig. (2). Along the shown interval λ remains of the
order of 10−7.
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limit case.
Furthermore, it is worth noticing that the contribution of the kinetic term is subdom-
inant in comparison with the potential. This can be easily seen if we take β ∼ 1015,
and N = 60 which after applying the COBE normalization gives H ∼ 3.2× 10−5Mp.
Taking for instance the case n = 0 and computing the kinetic coupling term one
obtains the following value
9βH2φ˙2c = 9βH
4
(
dφc
dN
)2
' 2.2× 10−11M4p
where dφc/dN is obtained by taking the derivative of Eq. (2.15) with respect to
the e-foldings number. It becomes clear that the kinetic term is much smaller than
the potential, which for the above cases is of order of V (φc) ∼ 10−9M4p (after COBE
normalization), so that the inflationary period is driven mainly by the Higgs potential.
In Fig. 5 we show the theoretical predictions of the model for α = 1014 embedded
in the 2018 Planck constraints including temperature, polarization, and lensing. It is
shown the 68% and 95% CL regions for the scalar spectral index ns and the tensor to
scalar ratio r. Colored dots correspond to the theoretical predictions for the models
β/φ2 (green), β/φ (yellow), β (black), and βφ (blue). One can see that for all the
cases the theoretical predictions fall inside the 95% CL region. Moreover, the effect
of the non-minimal kinetic coupling is more pronounced in the scalar spectral index
than in the tensor to scalar ratio. It is worth noticing that considering N = 50 e-folds
the tensor-to-scalar ratio increments for all cases, while at N = 70 the increment is
on the scalar spectral index side, making in both cases the models less viable.
Analyzing the model in the strong coupling limit we can extract some conclusions
regarding the behavior of the observables ns and r for different integer powers n. In
absence of kinetic coupling all models reduce to the standard canonical field with φ4
potential that gives the know values for ns and r given by
ns =
N − 2
N + 1
, r =
16
N + 1
, (3.1)
and at the strong coupling limit (β →∞) we find the following values
n(2)s =
2N − 3
2N + 1
, r(2) =
16
2N + 1
, n(1)s =
5N − 7
5N + 2
, r(1) =
32
5N + 2
,
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0.950 0.955 0.960 0.965 0.970 0.975 0.980
ns
0
0.025
0.05
0.075
0.1
0.125
0.15
r
Figure 5: Marginalized 68% and 95% CL regions for the scalar spectral index ns and
the tensor to scalar ratio r at k = 0.0002 Mpc−1. We use the publicly available chains
including 2018 Planck data alone, namely, plikHM TTTEEE lowl lowE lensing. Col-
ored dots show theoretical predictions for the models β/φ2 (green), β/φ (yellow), β
(black), and βφ (blue). These predictions consider N = 60 and α ∼ 1014.
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n(0)s =
3N − 4
3N + 1
, r(0) =
16
3N + 1
, n(−1)s =
7N − 9
7N + 2
, r(−1) =
32
7N + 2
, (3.2)
where the upper labels correspond to the power n. These values of r at the strong
coupling limit correspond to the minimum value that r can achieve for the correspond-
ing model. Assuming N = 60 we find that the models with the constant coupling
β (n = 0) and βφ (n = −1) give the lower tensor-to-scalar ratio, r(0) ≈ 0.088 and
r(−1) ≈ 0.076, that are below 0.1. For n = 3 at the strong coupling limit the observ-
ables take the values
n(3)s =
3N − 5
3N + 2
, r(3) =
32
3N + 2
,
which at N = 60 gives an appropriate value ns ≈ 0.961 but large tensor-to-scalar
ratio r ≈ 0.176. If we take n = 4, then ns and r remain the same as in the absence
of coupling given by (3.1), which are discarded by the observations, and the only
influence of the kinetic coupling is on the values of the scalar field φend and φc. For
n = 5, the scalar spectral index and the tensor-to-scalar ratio vary between the limits
n(5)s =
N − 3
N + 2
, r(5) =
32
N + 2
,
making it impossible to realize the slow-roll inflation between the current observed
values of ns and r. For n ≥ 6 it can be seen from (2.24) that φend and φi can be defined
only for values of β bellow some finite value that depends on n. Thus, taking n = 6
for instance, the scalar field at the end of inflation becomes φend =
√
8− β/2. This
means that the strong coupling limit can not be defined and the slow-roll inflation
takes the character of large-field inflation, making it impossible for the self coupling
to take values in the interval λ ≥ 0.1. Note also that as n increases the spectral index
moves out to the left of the Planck 95% CL and starting from n ≥ 4, ns is located
outside that region, while r moves to the top of the 95% CL region, being located
outside the region for n ≥ 3. In the opposite case, assuming n < −1, it is found that
in the strong coupling limit the observables tend to the values
n(n<−1)s =
6N − n(N − 1)− 8
N(6− n) + 2 , r
(n<−1) =
32
N(6− n) + 2 . (3.3)
This result favor r that decreases as n takes larger negative values, moving towards
the 1σ-region in Fig. 3, but the scalar spectral index increases moving outside the
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2σ-region to the right. Thus, for n < −1 it is not possible to reach values of ns
consistent with the Planck 2018 observational data. In all models considered above
the observables ns and r vary between the weak coupling limit, common to all cases,
and the strong coupling limit for each case.
4 Conclusions
We have presented a study of the slow-roll inflation driven by the Higgs Boson with
non-minimal derivative coupling to curvature. The coupling function is of the power-
law type and we have considered all possible scenarios with positive and negative
power. The results depicted in Fig. 1 show that both tensor to scalar ratio r and
scalar spectral index ns depend on the parameter α = λβ, where λ is the self cou-
pling of the Higgs potential and β (the kinetic coupling parameter) is used to set the
appropriate values of the scalar field at the horizon crossing. As can be inferred from
Fig. 2, for large β, the rate of decreasing of the scalar field at the horizon crossing
slows down as β increases, and therefore the observables take practically constant
values, very close to the strong coupling limit. The self coupling λ is more sensitive
to the variation of φi (and therefore of β) as shown in Figs. 3 and 4.
It was found that the only viable values for the power are n = 2, 1, 0,−1, which may
lead to observables that satisfy the latest Planck constraints on r and ns at the 95%
CL. For large and small values of β, that give correspondingly small and large values
of the inflaton at the horizon crossing, it is possible to satisfy the COBE restrictions
with adequate values of the self coupling constant λ in a wide interval λ ∼ 10−11−0.3,
that covers the Higgs boson phenomenology. Furthermore, the energy contribution of
the kinetic term is small enough to be consistent with the slow-roll formalism, driven
by the potential in the early stages of the inflation.
Considering all possible powers, it was shown that the models with n ≥ 3 lead to
tensor-to-scalar ratio values r > 0.1, growing with the increase of n, while the scalar
spectral index decreases, and starting from n = 4 is located outside to the left of the
95% CL region depicted in Fig. 3. The analysis of power-law couplings with n < −1
16
shows that while r is favored taking values well below the r = 0.1 limit, the scalar
spectral index increases considerably, moving outside the 95% CL region to the right.
Thus, for n < −1 it is not possible to reach values of ns consistent with the Planck
2018 observational data and these models are discarded.
According to the trajectories depicted in Fig. 1, the main flaw of the models is in
the tensor-to-scalar ratio, where the only cases in which r takes values below 0.1 are
n = 0 and n = −1. One advantage of the models n = 2, 1, 0,−1 is that the self
coupling λ can take values in a wide interval that covers different phenomenological
limits. while ns and r (specifically for the cases n = −1, 0) can be consistent with
current observations. Particularly interesting is the model with constant coupling β
(n = 0) which was also study quantitatively in [54, 55] where it was also shown that
the consistency with the Higgs boson is reached at large coupling regime.
Concerning the reheating process, a preliminary analysis for the present model shows
that, when the kinetic coupling is given by an inverse power-law function, the reheat-
ing takes place in unusual form. Taking into account the absence of post-inflationary
oscillations, the standard reheating mechanisms cannot successfully exit the inflation
and reheat the universe. In other words, due to the fact that the coupling becomes
very large at the end of inflation, strongly affecting the post-inflationary dynamics,
then the simplest reheating process cannot take place. A possible solution to this
problem is considering a coupling function of the form F1 ∼ (φ + φ0)−n. Numerical
calculations show that this modification allow the appearance of post-inflationary os-
cillations, leading to a viable reheating. We expect that this little displacement in
the field has only an important effect at the end of inflation without substantially
affecting the predictions for the power spectra. The study of adequate restrictions for
φ0 are being studied.
We have explored the possibilities for the scalar field model, with Higgs potential
and derivative coupling to gravity, to achieve successful inflation, where the kinetic
coupling function is a monomial of the scalar field. Although we have shown that the
models with n = 2, 1, 0,−1 are consistent with current observations by the Planck
collaboration (falling into the 95% CL), they might be in trouble when including more
data sets such as those by the BICEP2/Keck Array collaboration [75]. A more gen-
17
eral kinetic coupling function (e.g., F (φ,X)) or additional curvature corrections could
be worked out in order to analyze whether or not a Higgs field with such curvature
corrections can satisfy the most stringent constraints.
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